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By David German 
South Dakota Water Resources Institute 
This is a story about my dad, little boys, and 
science. When my son Chris was about three 
years old, we spent a week at the lake with my 
dad.  One day, my dad and Chris were on the 
dock getting ready to go fishing. Chris put one 
foot on the dock and one foot on the boat. My 
dad said to him, “If you aren’t careful, you will 
end up in the water.”  Chris replied, “How do 
you know?” As he said this he shifted his 
weight slightly, the boat pushed away, and he 
fell in the lake.  My son’s refrain “How do you 
know?” which he repeated many times over the 
course of the week is actually a pretty good 
question: “How do we know the things that we 
know?”  My dad’s bit of wisdom came from 
years of observation of little boys and life 
experience.  In the scientific community, the 
answer to this question is through the scientific 
method. 
As scientists, we formulate hypotheses and 
design experiments to test them by making 
observations or collecting data in carefully 
designed experiments.  If the data supports the 
hypothesis and we find a high probability that 
our results were not due to chance, we accept 
the hypothesis.  If it does not, we may design a 
better experiment or reformulate our hypothesis. 
Through this process science adds one more 
piece to our body of knowledge.  In this 2009 
Year of Science it is important for us to 
remember the rigorous process by which we 
know the things we know. 
At the South Dakota Water Resources 
Institute, we conduct water-related research.  
Over the past few years, our experiments have 
tested the hypothesis that  building up 
phosphorus concentrations too high in the soil 
will cause an increase of phosphorus in runoff 
from those soils.  Data indicated this hypothesis 
is true.  Excess phosphorus causes 
eutrophication of lakes, which are particularly 
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sensitive to phosphorus loadings because they 
tend to store and reuse phosphorus to grow 
algae. We know this because of the research 
conducted on lakes worldwide over many 
decades, so the probability of a correct 
prediction is high.  Our research, added to what 
we know of lakes, makes it easier to predict 
what will happen to our lakes if we build up 
phosphorus levels in the soils of lake 
watersheds. The hard part is taking the actions 
necessary to protect lakes from excessive 
phosphorus loads.  We may have to change the 
way we manage phosphorus in some watersheds 
in order to protect the water quality in our most 
sensitive lakes.  Providing adequate protection 
of these lakes may require more restrictions on 
the application of phosphorus than in other less 
sensitive areas. It can be likened to having a 
lower speed limit in a school zone in order to 
protect children. It may inconvenience us, but 
may be necessary if we want to prevent 
degradation of some of our most precious lake 
resources. Science can help us make informed 
decisions but it does not make those decisions 
any easier. 
One of the tenants of science is that it is to be 
objective and guided by analysis of data rather 
than guided by a rigid belief system. Science 
has reveled much about the world in which we 
live, but there is still much more to know. We 
add new information to what others have 
discovered and make it available to everyone. 
Science is the foundation that allowed us to 
develop our modern life state but it sometimes 
produces results that we do not want to hear, 
and science can’t tell us what to do, that is a 
social decision. For example, some political 
leaders are reluctant to accept evidence that 
human influences  may be causing the earth to 
warm because it may require us to modify our 
behaviors to prevent problems on a global scale. 
Sometimes religious beliefs, our 
unwillingness to accept new ideas, or simply 
our desire to avoid things that may be an 
inconvenience cause us to question scientific 
findings. For many years, people “believed” 
that the earth was the center of the universe.  
Nicolaus Copernicus came along in the 1500s, 
and made some observations of planets and 
stars that indicated to him that the earth 
revolved around the sun and was not the center 
of the universe.  Copernicus got into a fair bit of 
trouble challenging the conventional wisdom, 
but in the end, science prevailed.  He published 
De revolutionibus orbium coelestium (On the 
Revolutions of the Celestial Spheres) in 1543 
which started a scientific revolution which has 
produced a wealth of knowledge. 
We can draw on this body of knowledge to 
make decisions because scientists write things 
down and check each other’s work. My dad 
passed away on February 25th, 2009 without 
ever putting his wisdom in print. He never 
published a scientific paper.  He passed his 
knowledge on to me and my family through an 
oral tradition. What he knew will be lost as 
memories fade. As scientists, we publish our 
results after a review by our peers and it 
becomes part of the body of knowledge, 
available to pass on to the next generation of 
little girls and boys. When they ask “how do 
you know?” we can have an answer for them. 
Robert German 
1919-2009 
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David German (South Dakota Water 
Resources Institute) and Dennis Skadsen (Day 
Conservation District) will be conducting two 
basic Lake and Stream Water Quality 
workshops this year. The first workshop is at 
Outlaw Ranch near Custer, SD May 28-30, 
2009 and the second is at NeSoDak Camp on 
Enemy Swim Lake August 7-9, 2009. 
Graduate credit may be earned at both 
workshops for those who attend all three days. 
Two options are available for those who wish 
to receive continuing education credits (CEUs). 
The workshop is three days including a unit on 
bioassessment of both streams and lakes. The 
three-day workshop has been approved for 2.0 
CEUs and the two-day workshop (final 2 days) 
will emphasize basic limnology concepts and 
has been approved for 1.2 CEUs.  
The workshop is designed for teachers, 
extension educators and lake residents. 
Attendees will be able to share what they have 
learned with their students, neighbors and 
friends. Participants will learn limnology (the 
study of lakes) and ecosystem concepts, the use 
of lake sampling equipment, and fun games and 
other techniques to help demonstrate learned 
concepts. The priority topics that will be 
covered through this workshop will be stream 
bioassessment and lake water quality and how 
watershed processes and humans affect lake 
water quality. The workshop is held in an 
informal atmosphere and is designed to be fun 
as well as informative. There is no charge for 
the workshop OR for food and lodging 
(unless you apply for grad credit) but travel is 
the participant’s responsibility. 
Pre-registration is necessary and class size is 
limited. For more information about fees for 
Grad Credit or to register, please call Jennifer 
a t :  ( 6 0 5 )  6 8 8 - 4 9 1 0  o r  e m a i l 
Jennifer.Pickard@sdstate.edu. 
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6“Thermal Stability of Limestone Waste for 
Recycling after Arsenic Removal from 
Drinking Water”  
Awarded: $12,131 
Principal Investigators:  
• Arden Davis, Professor in the Department of 
Geology and Geologic Engineering;  
• David Dixon, Professor in the Department of 
Chemistry and Chemical Engineering; and  
• M.R. Hansen, Professor in 
the Department of Civil and 
Environmental Engineering  
from South Dakota School of 
Mines and Technology. 
6“Determining Soil Moisture 
and Temperature Condition 
Effects on Potential Run-off 
for Cold Season Manure 
Application” (year 2)  
Awarded: $19,074 
Principal Investigators:  
• Dennis  Todey ,  State 
Climatologist /Assistant 
Professor in the Department 
o f  A g r i cu l t u r a l  an d 
Biosystems Engineering 
and  
• David German, Research 
Associate, Water Resources 
Institute  
from South Dakota State 
University. 
6“Simulating the Soil Erosion from Land 
Removed from CRP” (year 2) 
Awarded: $10,740 
Principal Investigators:  
• Todd Trooien, Professor in the Department of 
Agricultural and Biosystems Engineering; 
• Dennis Todey, State Climatologist/Assistant 
Professor in the Department of Agricultural 
and Biosystems Engineering;  
• David Clay, Professor in the 
Plant Science Department and 
• Thomas Schumacher, Professor 
in the Plant Science Department  
from South Dakota State University. 
6“Development of a Decision 
Support System for Water 
Resources Management of 
Shallow Glacial Alluvial 
Aquifers: A Laboratory Proof of 
Concept Study” (year 2) 
Awarded: $17,885 
Principal Investigators:  
• Suzette Burckhard, Associate 
Professor in the Department of Civil 
and Environmental Engineering and  
• Patrick Emmons, Assistant 
Professor in the Water and 
E n v i r o n me n t a l  E n g i n e e r i n g 
Research Center/Department of 
C i v i l  a n d  E n v i r o n m e n t a l 
Engineering  
from South Dakota State University. 
Water Resources Institute 
undergraduate student Josh 
Warne collected GPS information 
and created maps for a USGS 
104b funded project about 
spreading manure on frozen 
soil. 
SDWRI is pleased to announce four projects 
totaling $59,830 for funding through the US 
Geological Survey 104b grant in FY 2009. 
Proposals were reviewed by the following 
agencies: SD USGS, SD Department of 
Environment and Natural Resources, SD NRCS, 
East Dakota Water Development District, SD 
Game, Fish, and Parks, and RESPEC Consulting. 
National Competitive Grant Request for Proposals 
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“If we turn back to our rural experiences, we can not recall ever having seen water of our summer rains flowing 
clear from slopes of ordinary farmland devoted to plow crops. We distinctly remember that such water invariably 
was muddied with suspended soil, red, yellow or black, according to the color of the land from which it flowed. But 
we can recall, most of us at any rate, having seen clear or nearly clear water flowing out of woodlands or along 
diminutive streamways threading through lush grasslands.” 
 Hugh Hammond Bennett-1931 
By Matt Hubers, GRA Range Science 
South Dakota State University 
This statement was made by the founder of the Soil 
Conservation Service, Hugh Hammond Bennett, 
seventy-eight years ago. And while we are still faced 
with the most common pollutant in South Dakota 
streams being suspended solids from croplands, much of 
our waters flowing from grasslands are not nearly as 
clear as they used to be. As the economy drives all 
aspects of our lives, either directly or indirectly (even if 
we don’t care to admit it), in our current situation, it is 
also a driver in the way we use our land. As commodity 
prices increase much of our grasslands, which have not 
for years seen a plow or in some cases never seen a 
plow, are now being turned under. As land prices have 
achieved record highs the pressure to make the land pay 
for itself are ever increasing. So as range is being 
converted to cropland, the remaining range gets pushed 
hard to and sometimes past ecological thresholds which 
leads to accelerated erosion. 
But what are the vegetative characteristics of 
rangelands that allow for sustainable livestock grazing 
while maintaining or improving water quality? Does 
species composition matter? How much bare soil is too 
much? What about canopy cover? How much of a role 
does litter and mulch or standing dead vegetation play? 
How much sediment is actually coming from the 
rangeland under current conditions and is it really an 
issue? How much organic matter are we losing? Can we 
effectively model these rangelands to predict load yields 
and reductions? 
These were at least some of the questions I thought we 
should be able to answer when I started graduate school 
in 2007 and was handed a project dealing with water 
erosion from rangelands in the Belle Fourche watershed.  
Having had some (15 years) experience with water as a 
fisheries biologist prior to going back to I always said 
“show me an impaired fishery and I will show you an 
impaired watershed.” 
Through cooperation between the Range Science 
Department and David German at the Water Resources 
Institute we were able to start rainfall simulations in 
June of 2007 and completed the last simulations in 
August of 2008. What follows is a pictorial sequence of 
data collection and two summary tables. 
Variable Obs Minimum Maximum Mean Std
RO dry cm/hr dc 24 0.275 3.870 1.989 0.966
INFdry cm/hr dc 24 5.247 9.499 7.920 1.164
RO wet cm/hr dc 24 2.039 6.293 4.034 1.117
INF wet cm/hrdc 24 4.683 9.835 6.472 1.146
sedcon dry gr/mldc 24 0.000 0.002 0.001 0.001
sedcon wet gr/mldc 24 0.000 0.004 0.001 0.001
Sed Dry Kg/Ha dc 24 11.436 376.901 119.557 97.365
Kg/Ha OM Dry dc 24 0.922 18.855 7.864 5.448
Sed Wet Kg/Ha dc 24 36.631 1116.186 253.944 235.914
Kg/Ha OM Wet dc 24 4.162 80.555 18.854 16.442
Ap Rate Dry cm/hr 24 8.457 11.726 9.909 0.835
Ap Rate Wet cm/hr dc 24 6.948 12.921 10.385 1.130
Time to RO Dry dc 24 8.500 274.420 71.525 77.255
Time to RO Wet dc 24 1.500 22.180 9.366 5.275
Summary statistics: dense clay sites 
Variable Minimum Maximum Mean Std. deviation
sedcon dry gr/ml 0.000 0.001826 0.000613 0.001
sedcon wet gr/ml 0.000 0.002375 0.000616 0.001
RO dry cm/hr 0.671 4.581 1.936 0.953
INFdry cm/hr 5.585 10.010 7.868 1.160
RO wet cm/hr 1.679 5.553 3.926 1.006
INF wet cm/hr 4.813 9.425 6.314 1.103
Sed Dry Kg/Ha 8.956 110.475 45.247 31.714
Kg/Ha OM Dry 0.838 11.823 4.817 3.371
Sed Wet Kg/Ha 16.120 342.962 104.272 84.783
Kg/Ha OM Wet 1.949 25.761 8.720 6.068
Time to RO Dry 18.780 192.417 73.179 65.433
Summary statistics: clayey ecological sites 
On saturated soil one site lost 1116 kg/ha in a 
30 minute runoff period. Another site took 4.5 
hours before we got any runoff! 
The allowable estimation for these 
ecological sites is 3-4 tons annually. Some 
areas will exceed that amount. 
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Vegetation assessment was done for 
both the right and lift side of the plot, 
% canopy cover, % bare ground, % 
standing dead, and % litter cover was 
collected prior to the simulation. 
Following the simulation, plots were 
clipped by species and litter was 
collected using a Dust Buster vacuum.  
Side view of the rain simulator 
setup. Plot frames were set on the 
ground and the rain simulator 
was placed on top. 
Simulation underway. One simulation was completed under 
antecedent moisture conditions and then a second simulation was 
conducted on the same plot under saturated conditions. 
Sediment samples were collected 
for 30 minutes after runoff 
started at 2.5 and 5 minute 
intervals using shop vacuums to 
suck water from the troughs. 
Simulations were conducted on all types of 
vegetation/soil sites to collect data representative of 
the watershed. 
A f t e r  i d e n t i f y i n g  s i t e s 
representative of the management 
unit the difficult part was setting 
the frames. We were working on 
clayey and dense clay ecological 
sites so it was like pounding frames 
into concrete. 
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Dennis Todey, Joanne Puetz Anderson and 
Chirag Shukla 
South Dakota State University 
The state of South Dakota saw typical spring 
weather in April, including two major winter 
storms, some hail, flooding and some dry 
conditions. Total precipitation ranged from less 
than 0.5” in the northeast to over 4 inches in the 
southwest. These totals in northeastern South 
Dakota were as little as 25% of average 
precipitation to as much as 200% of average in 
the southwest. Generally areas east of a line 
from Gregory County to the northwest corner 
were drier than average. Areas west were 
wetter. Drought is not an issue. With the 
precipitation in the southwest there is no area in 
South Dakota experiencing drought. Excessive 
wetness has been a continuing issue. This 
wetness is part of a continual trend from last fall 
leaving many of the soils in the state very wet. 
Average temperatures ranged from 38 F in the 
northwest to 47 F in the southeast. These 
temperatures were below average for everyone. 
The state was 2 - 6 F below average for the 
month. This slowed soil warm-up and growing 
degree day accumulation for agriculture 
interests. Daily temperatures had some wide 
extremes from setting record low temperatures 
early in the month to record high temperatures 
on the 23rd.  
Winter weather 
Several major winter storms moved through 
South Dakota during April. The first system 
moved through the state April 3 -5 bringing 
snow. The greatest amount reported was 20” 
south central South Dakota at Mission. Ten to 
20 inches were reported in the western and 
south central portions of the state with single 
digits totals to just a few inches in the southeast. 
Snow was reported on April 25th and 26th. The 
western quarter of the state reported 6” to 12”. 
A second area around Jerauld County reported 
4” at Jerauld with the surrounding counties 
receiving 2” or less. 
Severe Spring Weather  
The state also saw some spring severe 
weather. During the evening of April 29, hail 
was reported southwest of Aberdeen at Mission 
Ridge and moved northeastward through Mina, 
the Aberdeen area, Bath, Groton, Eden and 
North Pickerel Lake.  
Impact 
Despite the generally dry conditions over 
much of the state, cool temperatures and wet 
conditions slowed planting progress 
for small grains over most of the 
state. Corn planting made rapid 
progress over the latter few days of 
the month. Many cattle were lost 
because of the late spring winter 
storms. Total numbers are still 
pending. But the numbers will be in 
the thousands. 
For the first time in nearly eight 
years, the state had no depiction on 
the US Drought Monitor map. The 
last of the D0 in the far southwest 
(Continued on page 8) 
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corner of the state was removed with the April 
21, 2009 map. The last time the state had no 
DM depiction was in July 2001. 
Flooding continued along the James River 
primarily because of emergency releases of 
water from reservoirs in North Dakota that were 
flowing over emergency spillways. Releases 
from these rivers are likely to keep the James at 
flood level well into the summer. 
Flooding was also reported along many 
streams in the northwest part of the state during 
the melt-off of snow in the middle of the month. 
On April 11 – 12th flooding was reported in 
Perkins and Meade Counties. Flash Flooding 
was reported on the 14th in Harding county and 
flooding again in Perkins County. The USGS 
gauge at Camp Crook set an all time record 
flood level on the 17th. Some livestock were 
lost to flooding. Most of the losses were road 
damages to culverts and loss of road surfaces.  
The wet period has filled nearly all reservoirs 
in the state including Bureau of Reclamation 
reservoirs and Army Corps of Engineers 
reservoirs on the Missouri River. The only 
reservoir not at or above main pool was 
Angostura just south of the Black Hills. 
Record Daily Maximum Water Equivalent 
Sisseton 1.17 inches on 1st (0.86 inches in 2007) 
Rapid City 1.04 inches on 5th (0.58 inches in 1997) 
East Rapid City 1.15 inches on 5th (0.94 inches in 1955) 
Rapid City Airport 0.68 inches on 10th (0.42 inches in 1950) 
Sisseton 1.3 inches on 30th (1.26 inches in 1994) 
 
Record Daily Maximum snowfall  
Aberdeen 10.2 inches on 1st (3 inches in 1932) 
Watertown   5.1 inches on 1st (3 inches in 2008) 
Sisseton 12.2 inches on 1st (8 inches in 1947) 
Rapid City Airport 12.4 inches on 5th (4.5 inches in 1986) 
East Rapid City 13.9 inches on 5th (5.6 inches in 1957) 
Mitchell   9.8 inches on 4th (6 inches in 1957) 
East Rapid City   5.4 inches on 26th (5 inches in 1971) 
 
Record Daily Low Temperature 
Rapid City Airport 8 on 1st (10 in 2008) 
Rapid City Airport 6 on 6th (Tied with 2007) 
 
Record Daily High Temperature  
Aberdeen 90 on 23rd (87 in 1994) 
Mobridge 89 on 23rd (87 in 1990) 
Pierre 88 on 23rd (87 in 1990) 
Sioux City 92 on 23rd (87 in 1939) 
Huron 91 on 23rd (89 in 1990) 
Sioux Falls 91 on 23rd (87 in 1939) 
Yankton 90 on 23rd (88 in 1990) 
Brookings 88 on 23rd (86 in 1962) 
Rapid City Airport 85 on 23rd (83 in 1962) 
Huron 91 on 23rd (89 in 1990) 
Mitchell 92 on 23rd (Tied with 1939) 
Academy 95 on 23rd (92 in 1990) 
Menno 92 on 23rd (Tied with 1939) 
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ABERDEEN   36 32 28 24 
  90th 7‐Jun 27‐May 18‐May 9‐May 
  75th 29‐May 19‐May 12‐May 1‐May 
  50th 24‐May 13‐May 3‐May 19‐Apr 
  Mean 23‐May 13‐May 3‐May 21‐Apr 
            
PIERRE   36 32 28 24 
  90th 27‐May 16‐May 10‐May 4‐May 
  75th 20‐May 13‐May 2‐May 24‐Apr 
  50th 13‐May 7‐May 23‐Apr 14‐Apr 
  Mean 13‐May 5‐May 25‐Apr 15‐Apr 
            
WATERTOWN   36 32 28 24 
  90th 11‐Jun 1‐Jun 20‐May 10‐May 
  75th 4‐Jun 24‐May 12‐May 2‐May 
  50th 25‐May 16‐May 4‐May 21‐Apr 
  Mean 26‐May 16‐May 4‐May 23‐Apr 
            
MOBRIDGE   36 32 28 24 
  90th 1‐Jun 22‐May 15‐May 29‐Apr 
  75th 24‐May 14‐May 7‐May 28‐Apr 
  50th 17‐May 9‐May 28‐Apr 15‐Apr 
  Mean 18‐May 8‐May 29‐Apr 18‐Apr 
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 South Dakota Water Resources Institute 
http://wri.sdstate.edu 
 Eastern South Dakota Water Conference  
http://wri.sdstate.edu/esdwc 
 Water & Environmental Engineering Research 
Center http://weerc.sdstate.edu/ 
 South Dakota Climate and Weather 
http://climate.sdstate.edu/ 
 East Dakota Water Development District 
http://www.eastdakota.org 
 South Dakota Section of the American Water 
Works Association 
http://sio.midco.net/sdawwa.website/index.htm 
 Missouri River Institute http://www.usd.edu/mri/ 
 South Dakota Drought Task Force  
http://www.state.sd.us/applications/MV31DroughtTaskForce/index.htm 
 South Dakota Water and Wastewater 
Association  
http://sio.midco.net/sdwwa.website/index.htm 
 Missouri River Basin Association  
http://www.mrba-missouri-river.com/ 
 South Dakota Department of Environment and 
Natural Resources  
http://www.state.sd.us/denr/denr.html 
 Resource Conservation Using Native 
Turfgrasses in the Northern Plains  
http://hflp.sdstate.edu/turf/IALCFinal.htm 
November 2-3, 2009 
Volstorff Ballroom 
South Dakota State University Campus 
http://wri.sdstate.edu/esdwc 
